Background Anatomic findings on MRI scans of the shoulder likely affect patients differently based on their physical demands and fitness levels. The natural history of these anatomic findings once professional overhead athletes retire remains unclear. A better understanding of what happens with these findings after retirement may influence how we manage shoulder problems in athletes. Purpose (1) What is the natural history of MRI-observed findings in the throwing and nonthrowing shoulders of professional European handball players after retirement from the sport? What proportion of these individuals have diagnosable findings on MRI, and do these findings disappear after retirement? (2) Do clinical findings such as Constant and Murley score and shoulder ROM change after retirement in these professional overhead athletes? Methods The inception cohort of this series consisted of the entire Swiss National European handball team except the goalkeepers. These 30 professional players also played in the highest Swiss handball league in 2001. None of these players previously had shoulder surgery. During their career, they had a clinical assessment and bilateral shoulder MRI as part of an earlier study. We sought to evaluate the players who had retired and did not have a history of shoulder surgery, to evaluate the natural history of MRI-observed findings made in the initial study during their professional career. Of the 30 players, 10 were excluded (four continued to play professionally, four declined participation, and two had surgery after the initial study), leaving 20 (66%) for analysis at a mean of 6 years (SD, 3 years) after retirement. To gain a better understanding of the evolution of these MRI findings in the longer-term, we also evaluated 18 additional former professional European handball players who did not have any history of shoulder surgery, had all played in the highest Swiss league and for the National Team, and had terminated their career at a mean of 15 years (SD, 3 years) ago. All the subjects in both study groups (those at 6 and 15 years after retirement) underwent a detailed interview, Each author certifies that he has no commercial associations (consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research ® editors and board members are on file with the publication and can be viewed on request. Each author certifies that his institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research, and that informed consent was obtained. This work was performed at the Department of Orthopaedic Surgery and Traumatology, University of Bern, Inselspital, Bern, Switzerland and the Department of Orthopaedics, University of Zurich, Balgrist, Zurich, Switzerland. standardized clinical examination including ROM measurements, collection of the Constant and Murley scores and the subjective shoulder value of both shoulders, and bilateral shoulder MRI. MRI findings (consisting of abnormalities and normal variations) were reported as radiographic diagnoses, independent of the potential that these findings could be considered normal variations in people in this age group. Results At the initial MRI evaluation, the proportion of active professional European handballers with diagnosable MRI findings in the throwing shoulder was 19 of 20 (95%) and for the handballers with nonthrowing shoulders was 17 of 20 (85%), while 15 years after retirement, both shoulders of all subjects showed MRI findings. None of the rotator cuff tears progressed to full-thickness tears after retirement. In the throwing shoulders, we observed fewer individuals with ganglion cysts larger than 5 mm (initial followup: six of 20 [30%] versus 6 years after retirement: 0 of 20 (0%); odds ratio, 14.5; [95% CI,; p = 0.044). The Constant and Murley score increased in the throwing shoulder from 93 points (SD, 6 points) at initial followup to 98 points (SD, 3 points) at a mean of 6 years after retirement (mean difference, 5 points; SD, 5 points; 95% CI, 2.5-7.4; p < 0.001), and to 97 points (SD, 3 points) at a mean of 15 years after retirement. However these differences are below the typically reported minimum clinically important difference for the Constant and Murley score, and so are unlikely to be clinically relevant. External rotation in 90°abduction remained increased in the throwing shoulder compared with the nonthrowing shoulder up to 15 years after retirement (initial followup: mean difference, 8°; p = 0.014; 15 years after retirement: mean difference, 4°; SD, 15 o ; p = 0.026). Internal rotation remained decreased in the throwing compared with the nonthrowing shoulders (during the career: mean difference, 5° [SD, 10°] , p = 0.036; 15 years after retirement: mean difference, 3° [SD, 4°] , p = 0.021). Conclusions Our data suggest that findings of the throwing shoulder like partial rotator cuff tears, bony cysts and ganglions do not progress after retirement, and sometimes they resolve. Because of this and because many MRI changes correlate poorly with clinical symptoms, the indication for surgical treatment of these findings should be questioned very carefully. Level of Evidence Level II, prognostic study
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Introduction
The high forces and the kinematic requirements of overhead throwing produce a unique pathophysiology that is most evident in the shoulders of elite throwing athletes. Throwing shoulders have been found to adapt by increasing external rotation, decreasing internal rotation, increasing humeral retrotorsion and glenoid retroversion, and developing anterior capsular laxity. The combination of the adaptations and the demands on the throwing shoulder means that it is vulnerable to common acute and chronic pathologic conditions. Professional European handballers (team handball in the United States) perform at least 48,000 overhead throws per season with ball speeds reaching up to 100 miles per hour [15] . In an earlier study, Jost et al. [12] reported that structural abnormalities were present in 93% of the throwing shoulders of professional European handballers on MRI, with an average of seven findings per scan. Abnormalities identified included the presence of partialthickness rotator cuff tears and tendinopathies, superolateral osteochondral defects of the humeral head, and changes according to so-called posterosuperior intraarticular impingement [23] . Interestingly, clinical symptoms correlated poorly with the clinical and MRI-observed findings. Only 37% of the players with evidence of an abnormality observed on MRI actually were symptomatic. The natural history of these findings once professional overhead athletes cease their playing career remains unclear. A better understanding of what happens with these radiographic and clinical findings after cessation of the career may have an influence on how we manage athletes with these shoulder disorders during and after their career.
We therefore asked: (1) What is the natural history of MRI-observed findings in the throwing and nonthrowing shoulders of professional European handball players after retirement from their sport? We specifically asked, what proportion of these individuals have diagnosable findings on MRI, and do these findings worsen or disappear after retirement? (2) Do clinical parameters like the Constant and Murley score and shoulder ROM change after retirement in these professional overhead athletes?
Methods

Study Population
We chose to evaluate the shoulders of professional European handballers owing to the very high repetitive stresses placed on their throwing shoulders. European handball is a team sport in which two teams of six field players each pass a 450 g ball (19 cm in diameter) with their hands, with the aim of throwing the ball into the goal of the opposing team. The goals are surrounded by a 6 meter zone where only a defending goalkeeper is allowed. Therefore, most of the throwing motions are performed in the overhead position resulting in high repetitive stresses on the throwing shoulder of a field player [15] . These stresses are at least comparable to those of a baseball pitcher, since a handballer's throwing shoulder has to cope with the stress of sudden rapid deceleration as well, because opposition players may block these overhead throws with forceful contact.
Patient Selection
Our study received local ethics committee approval (KEK-ZH-2011-0199/4 and KEK-BE-112/11). In a previous study (initial followup) performed in 2001 [12] , the symptomatic and asymptomatic shoulders of all the 30 fulltime professional European handball players of the National Team except the goalkeepers were examined using a structured interview, detailed physical examination, and collection of the absolute (score of an individual obtained in points) and relative scores (score of an individual divided by the average score of an age-and sex-adjusted population), Constant and Murley score [6] , and the subjective shoulder value (defined as a patient's subjective shoulder assessment expressed as a percentage of an entirely normal shoulder, which would score 100%) [9] of both shoulders. Each of these players also played in one of the top four teams of the Swiss Handball League.
Of the 30 subjects in the previous study, 10 were excluded (four continue to play professionally, four declined participation, and two had surgery), leaving 20 (66%) for analysis here at a mean of 6 years (SD, 3 years) after retirement. The two players who had surgery included one who underwent open refixation of the pectoralis major tendon in the throwing shoulder, and one who underwent arthroscopic acromioclavicular joint resection in the throwing shoulder. The mean duration of playing handball in this group was 18 years (SD, 4 years), and the mean duration of competition on a professional level up to retirement from professional sport was 11years (SD, 4 years), with an average practice per week including games of 19 hours (SD, 6 hours). The mean age of the players 6 years after retirement was 36 years (SD, 4 years).
To understand the long-term evolution of shoulder findings associated with professional European handball, we also selected 18 former professional handball players, of whom all also had played for the Swiss National Team. We selected this group by inviting 20 former professional players. Of those, 18 (90%) were able to participate, and two (10%) refused participation in the study. Similar to the group that was evaluated initially and 6 years after retirement, asymptomatic and symptomatic former players were included in this group. No one was excluded because none had received previous shoulder surgery. These players had terminated their careers at a mean of 15 years ago (SD, 3 years) but were not part of the previous study and therefore received only a bilateral shoulder MRI, structured interview, and clinical examination 15 years after termination of their career but not during the career. The mean duration of playing handball was 15 years (SD, 3 years), with 11 years (SD, 3 years) of playing on a professional level, and 16 hours (SD, 3 hours) per week of average practice time including games. The mean age of the players 15 years after retirement was 50 years (SD, 5 years). Even though this second group does not represent the exact natural history of the group examined initially and 6 years after retirement, its findings may still provide important information with respect to the long-term evolution of the examined shoulder findings (Table 1) .
Clinical Evaluation
A standardized clinical evaluation of each former handball player was performed by two examiners (MOS and SD). The methodology was identical to that used in the initial study [12] , namely a structured interview including patient history, pain in general using a VAS (0 = worst imaginable pain to 15 = no pain), loss of function, and intensity and duration of training. Furthermore every shoulder was tested for active and passive ROM, for instability using the anterior and posterior apprehension and hyperabduction test, for laxity using the sulcus sign, anterior and posterior drawer test, for rotator cuff lesions using the Jobe test, external rotation strength, lift-off test, and lag signs, for subacromial impingement using the Neer and modified Hawkins test, for posterosuperior glenoid impingement using the Walch test, and for biceps abnormalities using O'Brien's test. The absolute and relative Constant and Murley score [6] and the subjective shoulder value [9] of both shoulders also were obtained. A change of 10 points for the absolute Constant score [14] and 3 points in the 0 to 15 VAS pain score [18] were considered the minimum clinically important difference (MCID).
Pain at initial followup and 6 years after retirement was correlated with radiologic and clinical findings. This information is important because it might help to better understand which MRI-observed findings and clinical signs cause pain and therefore may influence the choice of treatment.
Radiologic Evaluation
Identical to the initial study, a bilateral shoulder MRI scan without intraarticular contrast of the throwing and nonthrowing shoulders of each former player was performed. The MRI methodology was identical to that used in the initial study [12] . Every MRI scan was assessed by an experienced and blinded musculoskeletal radiologist (CWP). MRI findings were reported as radiographic diagnoses, independent of the potential that these findings could be considered normal variations in people in this age group.
Rotator cuff abnormalities were divided into tendinopathies, and partial or complete tears of the supraspinatus, infraspinatus, and subscapularis tendons. Osseous abnormalities in the glenoid and the proximal humeral head were divided into edema, cyst formation, and osteochondral defects. Glenohumeral ganglion cysts were classified as large (> 15 mm), medium (5-15 mm), and small (< 5 mm). Posterosuperior glenoid impingment [23] was diagnosed when an articular-sided partial tear in the posterior aspect of the supraspinatus tendon was visible. Anterior glenoid rim impingement was graded as not existing, mild, or severe according to Weishaupt et al. [24] .
Degenerative changes in the glenoid and humeral head cartilage also were graded as either subtle or marked. Signal alterations or an irregular surface of the cartilage and superficial cartilage defects were classified as subtle. Defects greater than 50% of the cartilage thickness and defects reaching the subchondral bone were graded as marked.
The radiographic evaluation of the acromioclavicular joint and the long head of the biceps tendon was identical to that in the initial study [12] .
Statistical Evaluation
The Mann-Whitney test was used for unpaired groups and the Wilcoxon test was used for paired groups. For the frequency between two groups, the McNemar test was used for paired groups and the chi-square test with Yates correction or Fisher's exact test where appropriate was used for unpaired groups. Odds ratios (OR) were calculated with 95% CI. In case of cells equal to zero, Haldane's correction was performed. Spearman's correlation coefficient was used to test relationships between variables. The level of significance was set at a probability less than 0.05.
Results
Natural History of Findings on MRI
The number of abnormal findings on MRI evaluation per subject was not different between the three times, with the Table 2) . None of the tendinopathies and partial-thickness tears of the rotator cuff progressed to full-thickness tears. A greater proportion of throwing shoulders compared with nonthrowing shoulders showed supraspinatus tendon disorders at the initial followup (17 of 20 versus eight of 20; OR, 8.5; 95% CI, 1.9-38.8; p = 0.004) (Table 3 ). However, with the numbers available no difference was observed at a mean of OR, 4.1; 95% CI, 2.2-770; p = 0.004), but with the numbers available, there was no such difference in the group assessed 15 years after retirement (eight of 18 versus seven of 18; OR, 1.6; 95% CI, 0.3-4.7; p = 0.999) ( Table 3) .
From the initial followup to the mean followup 6 years after retirement, four of eight subjects had the infraspinatus and subscapularis tendinopathies disappear (Table 4) . Furthermore, two of six of the partial infraspinatus tears and one of the partial subscapularis tears disappeared. In contrast, three of 14 subjects who did not show signs of infraspinatus tears at initial followup had partial-thickness tears of the infraspinatus tendon develop 6 years after retirement while two of 19 subjects had partial-thickness tears develop in the subcapularis tendon.
In the throwing shoulders, more posterosuperior glenoid impingement lesions were found at initial followup versus 6 years after retirement (eight of 20 versus Table 3) . Edema in the superolateral aspect of the humeral head of the throwing shoulders slightly decreased from seven of 20 at initial followup to three of 20 at a mean 6 years after retirement (OR, 3.1; 95% CI, 0.7-14.1; p = 0.289) and to 0 of 18, 15 years after retirement (OR, 20.6; 95% CI, 1.1-392; p = 0.009) ( Fig. 1; Table 4 ).
There were more superolateral osteochondral humeral head defects in the throwing shoulders compared with the nonthrowing shoulders at initial followup (12 of 20 versus two of 20; OR, 13.5; 95% CI, 2.4-74.9; p = 0.006) and at 6 years after retirement (nine of 20 versus one of 20; OR, 15.5; 95% CI, 1.7-139.7; p = 0.008) ( Table 3) . With the numbers available, no difference between throwing and nonthrowing shoulders was seen 15 years after retirement (five of 18 versus one of 18; OR, 6.5; 95% CI, 0.7-63.0; p = 0.219). Osteochondral humeral head defects were found in 12 of 20 at initial followup and nine of 20, 6 years after retirement (OR, 1.8; 95% CI, 0.5-6.4; p = 0.375), and to five of 18, 15 years after retirement (OR, 0.6; 95% CI, 0.1-2.3; p = 0.095) ( Table 4) .
With the numbers available, no differences of large superolateral humeral head bony cysts were found at initial followup compared with 6 years after retirement Table 4 ). Nine of 13 subjects who showed bony cysts during their career showed a decrease in size 6 years after retirement (Fig. 2) .
There were more ganglion cysts larger than 5 mm in diameter in athletes' throwing shoulders during the career than 6 years after retirement (six of 20 versus 0 of 20; OR, 14.5; 95% CI, 0.7-283; p = 0.044), with no difference between the 6 years after retirement group and 15 years after retirement group (0 of 20 versus one of 18; OR, 0.3; 95% CI, 0.01-7.4; p = 0.957), with the numbers available (Table 4) .
Clinical Outcomes Scores and ROM
With the numbers available, we found no difference in the percentage of subjects who were symptomatic at any of the three times. Specifically, eight of 20 of the throwing shoulders were symptomatic at initial followup, six of 20 were symptomatic 6 years after retirement (OR, 1.6; 95% CI, 0.4-5.8; p = 0.688), and five of 18 were symptomatic 15 years after retirement (OR, 1.7; 95% CI, 0.4-6.8; p = 0.652) ( Table 5) .
The absolute and relative Constant and Murley scores were lower in the throwing shoulders assessed during the career compared with the throwing shoulders examined 6 years after retirement (absolute Constant Volume 476, Number 3
The Team Handballer's Shoulderp < 0.001) ( Table 6 ). However all the differences presented here are below the typically reported MCID for the absolute Constant and Murley score, and so are unlikely to be clinically important.
With the numbers available, we did not find a difference with respect to the subjective shoulder value between the three times. More shoulder pain in general was reported in the throwing shoulders compared with nonthrowing shoulders (13 [SD, 3] versus 15 [SD, 2]; mean difference, 1 [SD, 3] ; 95% CI of the mean difference, 0-3; p = 0.047) during the active career of the players (Table 6 ). However, this difference was below the MCID for pain of 3 points for the VAS pain score, 0 to 15. After cessation of a professional handball career, pain levels were not different, with the numbers available, in the throwing and the nonthrowing shoulders 6 years after retirement (14 [ Pain at initial followup positively correlated with disorders of the long head of the biceps seen at initial follow up (r = 0.57; p = 0.009), tendinopathies of the infraspinatus seen at initial followup (r = 0.48; p = 0.032), disorders of the subscapularis tendon at initial followup (r = 0.69; p < 0.001), greater tubercle edema at initial followup (r = 0.52; p = 0.018), and the Jobe relocation test at initial follow up (r = 0.52; p = 0.018) ( Table 7) .
Pain 6 years after retirement positively correlated with tendinopathies of the infraspinatus (r = 0.51; p = 0.021), greater tubercle cysts (r = 0.5; p = 0.025), cartilaginous changes at the glenoid (r = 0.64; p = 0.002), and the Jobe relocation test (r = 0.50; p = 0.025) assessed at initial followup. It also correlated with greater tubercle edema (r = 0.5; p = 0.025).
External rotation in 90°abduction was increased in the throwing shoulder compared with the nonthrowing shoulder at all the times (initial followup: 102° [ 
Discussion
Elite overhead throwing athletes have a high prevalence of shoulder disorders during their careers. The natural history of these findings after cessation of the professional career remains unclear. This lack of knowledge and because pathologic changes poorly correlate with symptoms make it difficult to create a reliable treatment algorithm for shoulder disorders in these athletes. We therefore investigated the natural history of MRI observations and clinical findings in the shoulders of professional European handball players after retirement from the sport and sought to evaluate whether these findings get worse, remain unchanged, or disappear after cessation of the career. We found that a large proportion of findings identified in the shoulders of elite professional European handball players resolved after retirement from the sport. Shoulder scores in these players were rather high during and after finishing their career: ROM differences between throwing and nonthrowing shoulders persisted. The Constant and Murley score and pain improved slightly after retirement, although the improvements observed were below the MCID for the instruments we used, and thus the subjects may not have considered these improvements important.
Limitations
This study has several limitations. First, the number of investigated subjects is rather small and this was limited by the first study in which 30 professional players were examined. Furthermore, the loss to followup (four of 30 patients, 13%) and exclusion of two of 30 patients (7%) owing to previous shoulder surgery could result in overestimation of the function of the study group relative to what is going on with the group of 26 overall. Second, the athletes were evaluated at an average of 5 years before termination of their professional careers and not at the end of their career. Reevaluation at the time of retirement may have shown further differences between initial followup and 6 years after retirement. Third, to investigate the longterm effects of overhead throwing, we included a second cohort of players who were retired from professional European handball for an average of 15 years. For this group, no clinical or radiologic data from the time during their professional careers were available. Therefore, this limited our ability to compare the group that was assessed initially and 6 years after retirement with the 15 years after retirement group, thus limiting our conclusions regarding the evolution of disorders up to 15 years after a professional career. Fourth, only one observer (CWP) evaluated the MRI scans and no intraobserver reliability testing was performed. However, this observer was an experienced senior consultant in musculoskeletal radiology, having worked as a fellowship-trained radiologist with a focus on orthopaedic disorders for more than 18 years. Not all MRI-observed findings are clinically important. Such findings may be present in the shoulders of asymptomatic volunteers. Furthermore, using outcome scores (Constant and Murley score and subjective shoulder value) which are validated for evaluation of a general population rather than for professional throwing athletes may not detect accurately differences in outcome in this cohort of throwing athletes. However, there are no outcome scores specifically validated for this group of athletes. Finally, our investigational review board did not allow MR arthrography. The MR without arthrography did not allow us to fully evaluate the possible intraarticular disorders.
Natural History of Findings on MRI
The number of abnormal findings per throwing shoulder did not decrease after termination of a professional career. While some of the pathologic changes decreased, degenerative changes of the cartilage, the acromioclavicular joint, and the long head of the biceps tendon were found more frequently after retirement. One of the most interesting MRI findings among the players while they were active and also after retirement were abnormal findings of the rotator cuff insertion. To our knowledge, this is the first study to show that tendinopathies and partial rotator cuff tears in professional overhead throwing athletes do not progress to full-thickness tears after retirement at mid-term followup. Matthews et al. [17] showed that the smaller the size of a rotator cuff tear, the better the regenerative potential. They observed that small rotator cuff tears show increased blood vessel proliferation and fibroblast cellularity when compared with larger tears. This might be a reason why our cohort, which only showed partial and no full-thickness tears, showed no progression to fullthickness tears after retirement. Maman et al. [16] obtained similar results with respect to the progression of partial rotator cuff tears in a young population. While fullthickness tears progressed in 52%, partial tears progressed in only 8% of shoulders. Furthermore, age was an important predictor for tear progression, with 54% of tears in patients older than 60 years progressing versus only 17% of tears progressing in patients younger than 60 years. These data are in agreement with data from our study, where all of our subjects were younger than 60 years. Investigating a nonathletic cohort with a mean age of 62 years (SD, 10 years), Keener et al. [13] reported tear progression in 44% of partial rotator cuff tears after a median followup of 5.1 years. However, their population included patients treated for degenerative tears, and they did not specifically investigate overhead activities; their findings may not apply as specifically as ours do to the throwing athlete. Some authors found posterosuperior glenoid impingement to be a consistent finding in overhead throwing shoulders [10, 11, 19] . However, Burkhart et al. [2] reported that this form of impingement is physiologic since it also is found in nonthrowers. In our study, posterosuperior impingement was present only in the throwing shoulders and decreased after retirement, suggesting that this form of impingement is associated with overhead throwing and might not be as physiologic as proposed earlier.
Superolateral osteochondral abnormalities of the humeral head seen during the active professional career have been considered to be caused by posterosuperior impingement [12, 20] . In our study, superolateral humeral head edema and cysts decreased after retirement in more than half of the subjects, and the throwing shoulders were affected more frequently. These defects were similar in nature to Hill-Sachs lesions but were situated more superiorly in the humeral head. Because none of our subjects reported anteroinferior shoulder dislocations, these changes may be attributed to the repetitive throwing motion combined with increased external rotation. The lack of power or endurance to make a scapular retraction and subsequently a scapular dyskinesis, which may lead to a conflict between the glenoid and the humeral cysts, has been suggested as a reason for superolateral humeral head edema and cysts [2, 3] . This may explain why those defects partly decreased after retirement. Ganglion cysts greater than 5 mm and superolateral bony cysts of the greater tubercle also decreased from the initial followup to 6 years after retirement in many subjects. Similar to the other superolateral findings, the reason for this decrease could be found in the cessation of repetitive throwing after retirement. Resolution of these osseous changes may be another factor that might have contributed to the relatively good clinical outcome despite the total amount of findings not decreasing after retirement. Posterosuperior glenoid impingement and superolateral osteochondral abnormalities seem to represent typical throwing shoulder findings which resolve subsequent to the sports activity.
Clinical Outcomes Scores and ROM
Clinical outcome measured with the Constant and Murley score slightly improved from the initial followup to 6 years after retirement although some pathologic changes per shoulder did not decrease during this period. To define which of the many assessed clinical and radiologic factors are the main contributors to this improvement in the Constant and Murley score is challenging and will require a much greater sample size owing to the multiple radiologic and clinical factors that influence clinical outcome. To our knowledge, no studies exist investigating the correlation between the natural history of shoulder abnormalities and clinical outcome scores such as the Constant and Murley score. The correlation analysis of this study suggests that other than disorders of the long head of the biceps, rotator cuff tendinopathies of the infraspinatus, and disorders of the subscapularis, osseous and cartilaginous glenohumeral changes and posterosuperior intraarticular impingement may affect pain levels up to 6 years after retirement. One possible explanation why not more findings correlate with pain is that the physical activity could result in alteration of pain perception, suggesting that professional athletes are less sensitive to pain [22] .
Connor et al. [5] examined the prevalence of rotator cuff tears in a similar cohort of asymptomatic professional overhead athletes during their careers. They observed that 40% of asymptomatic throwing shoulders showed partialor full-thickness rotator cuff tears while the nonthrowing shoulders showed none. At a 5-year followup interview, none of these patients had any subjective symptoms such as pain or had undergone surgical treatment thus suggesting that there is no clear correlation between pain and rotator cuff tears in athletes. Dunn et al. [8] did not find a correlation between rotator cuff tear severity and pain severity. In contrast, Cadogan et al. [4] found that pain can accurately predict the presence of rotator cuff tears in a primary care cohort.
To our knowledge, the current study is the first to show that external rotation in 90°abduction does not decrease after cessation of repetitive external rotation stress up to 6 years after retirement. One possible reason could be osseous alterations such as increased retrotorsion of the humerus and retroversion of the glenoid. Data from the study by Reagan et al. [21] support this hypothesis. They found a correlation between external rotation in 90°abduction and retroversion of the humeral head. Furthermore, Borsa et al. [1] reported increased external rotation with decreased internal rotation, but no differences in anterior joint stiffness in professional baseball pitchers. Both groups concluded that the difference in motion between throwing and nonthrowing shoulders may be related more to the osseous anatomy than to soft tissue adaptations. This is also in line with findings of several studies that showed an increased retrotorsion of the humerus and increased retroversion of the glenoid in throwing shoulders of professional throwers [7, 25, 26] .
Conclusions
The results of this study suggest that partial rotator cuff tears of overhead throwing athletes do not progress to fullthickness tears after retirement from sports and that pain poorly correlates with those tears. Superolateral osseous changes also resolve after termination of a professional European handball career. These former professional athletes show good to excellent clinical scores at long-term followup even though the number of findings per shoulder remains high and unchanged. Because many of these pathologic findings do not seem to progress after retirement, indications for surgical treatment should be evaluated with great caution. Further studies with a larger sample size are needed to confirm our findings.
